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INTRODUCTION
D u r i n g . t h e  p e r i o d  o f  D r . W il l ia m  J .  G r i f f i t h s ,  J r . ' s  c h a i r ­
m a n s h ip  (1 9 6 0 -6 3 )  t h e r e  w as a  g ro w in g  i n t e r e s t  i n  P s y s i o l o g i c a l  
P s y c h o lo g y  a n d  i t s  r e l a t i o n s h i p  t o  r e i n f o r c e m e n t  t h e o r i e s .  The 
f o l l o w i n g  s t u d i e s  w e re  i n  v a r i o u s  s t a g e s  o f  c o m p le t io n  u n d e r  D r. 
G r i f f i t h ' s  s u p e r v i s i o n  a t . t h e  t im e  o f  h i s  f a t a l  a c c i d e n t  ( O c t .  2 6 , 
1 9 6 3 ) .
The f i r s t  p a p e r ,  " R e in f o r c e m e n t  S c h e d u le s  an d  R e s p o n s e  
V a r i a b i l i t y  i n  P r e s c h o o l  C h i l d r e n , "  w as r e c e i v e d  i n  t h e  E d i t o r i a l  
O f f i c e  o f  t h e  J o u r n a l  P r e s s  on  J u l y  1 5 ,  1 9 6 3 .
T he s e c o n d  s t u d y , " R e in f o r c e m e n t  S c h e d u le s  an d  R e s p o n s e  V a r­
i a b i l i t y  i n  F i r s t - G r a d e  C h i l d r e n , "  w as i n  c o m p le te d  fo rm  f o r  
p u b l i c a t i o n .  T he J o u r n a l  P r e s s  r e c e i v e d  t h i s  s t u d y  on N ovem ber 8 ,  
1 9 6 3 . The s u p p o r t  f o r  b o t h  c h i l d r e n  s t u d i e s  w as G ra n t  6 8 7 -R  fro m  
t h e  G ra d u a te  S c h o o l ,  M o n tan a  S t a t e  U n i v e r s i t y .
" T a c t i l e  P r e f e r e n c e s . i n  t h e  R a t"  w as c o n d u c te d  b y  Don L aw re n c e  
u n d e r  D r. G r i f f i t h ' s  s u p e r v i s i o n . , The p r e s e n t  a u t h o r  c o n d u c te d  t h e  
d a t a  a n a l y s i s  an d  c o m p le te d  t h e  m a n u s c r i p t .  T he s tu d y  w as s u p p o r t e d  
by  G ra n t  MH 0 6 8 7 9 -0 1 A 1  fro m  t h e  N a t i o n a l  I n s t i t u t e  o f  M e n ta l  H e a l t h .
T he f o u r t h  s t u d y  o f  t h i s  c o m p i l a t i o n ,  " E f f e c t s . o f  R e in f o r c e m e n t  
S c h e d u le s  on P r e f e r e n c e s  a n d  V a r i a b i l i t y  o f  R e s p o n s e s  i n  L a b o r a to r y  
R a t s , "  w as c o n d u c te d  b y  t h e  p r e s e n t  a u t h o r .  T he s t u d y  w as r e a d  a t  
t h e  1963  M o n tan a  Academ y o f  S c i e n c e s .
T he f i f t h  s t u d y ,  " A u d io g e n ic  S e i z u r e s ,  A c t i v i t y ,  an d  R e s p o n s e  
V a r i a b i l i t y  i n  R a t s , "  w as c o n d u c te d  b y  t h e  p r e s e n t  a u t h o r  u n d e r  t h e
s u p e r v i s i o n  o f  D r. G r i f f i t h s *  T he f o u r t h  an d  f i f t h  s t u d i e s  w e re  s u p ­
p o r t e d  i n  p a r t  b y  G ra n t  M -4724 fro m  t h e  N a t i o n a l  I n s t i t u t e  o f  M e n ta l  
H e a l th  a n d ,  i n  p a r t ,  b y  G ra n t  6 8 7 -R  fro m  t h e  G ra d u a te  S c h o o l  o f  t h e  
U n i v e r s i t y  o f  M o n ta n a .
The Journal of Genetic Psychology, 1965, 106, 195-200.
R E IN F O R C E M E N T  SCH ED U LES A N D  RESPON SE 
V A R IA B IL IT Y  IN  PR E SC H O O L  C H IL D R E N * 1
D epartment of Psychology, M ontana State University
■  \
E m e r y  B e n s o n ,  W . J . G r i f f i t h s ) ,  J r . ,  a n d  M . T . G r i f f i t h s
A. I n t r o d u c t i o n
During the course of a series of studies concerned with possible relationships, 
among preschool 5s, between motivation patterns in various reinforcement 
situations and preferences for familiar-uniforms vs. bizarre-novel figures, 
we became interested in determining the effects of prior motivational experi­
ences on subsequent response variability.
After inception of the studies, the work of M cCray and Harper (1) with 
elementary-school children became available. These investigators examined the 
hypothesis that “ following conditioning on different reinforcement schedules, 
when blocked from obtaining their reinforcement by a barrier which could 
be circumvented by manipulation of any one of several devices, <Ss conditioned 
on variable-ratio reinforcement (V R ) schedules will show greater variability 
of behavior than will 5s conditioned on regular (R )- or fixed-ratio (FR ) 
reinforcement schedules.”
T he present study was concerned with the general area described by the 
M cCray and Harper hypothesis: namely, “W hat are the effects on subse­
quent response variability of experiencing fixed-ratio, variable-ratio, and regu- 
lar-reinforcement schedules?” Due to subject and methodological differences 
between the present, study and those of M cCray and Harper, our study can­
not be considered a replication, except in tefms of the general field of interest.
B . M e t h o d
1. Apparatus
A straight runway, 15 feet long and four feet wide, was used to give 
preschool children the experience of FR-, VR-, and R- schedules. T he entire 
length of the runway was screened with bamboo from the remainder of the
* Received in the Editorial Office, on July 15, 1963. Copyright, 1965, by The 
Journal Press.
1 Supported in p art by G ran t M-4724 (C -I) from the National Institute of M ental 
Health and, in part, by G ran t 687-R from the G raduate  School, M ontana State 
University.
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room. The “start” end of the runway contained a small chair, a leather har­
ness, and an enclosed chamber that concealed a pulley and weight system. A 
light, strong wire, fitted with a snap hook passed through a small hole in the 
chamber and hooked onto a metal ring at the back of the leather harness. A 
standard weight of two pounds was used on the pulley system throughout the 
study. A t the “goal” end of the runway was a slot machine modified as fol­
lows: the metal jacket of the machine was removed and replaced with a red 
plywood housing. T he usual symbols on the tumblers of the machine were re­
placed with animal decals and the payoff slot and jackpot were replaced with 
a tin tray painted red. T he device was fitted with a metal-tube marble dis­
penser and hopper, and the short-armed lever was replaced with a long, 
weighted, easily operated, metal-pipe lever. The entire apparatus was set in 
a plywood frame in such manner as to present tumblers with decals, the lever, 
and payoff tray to the 5s. A number of panel lights were installed for use in 
different studies. The plywood frame contained a one-way screen that enabled 
one E  to observe 5 as he proceeded down the runway, manipulated the marble 
dispenser, and returned to the start chair. Photoelectric cells operating timing 
devices were concealed at the “start” and “goal” ends of the straight runway.
T he apparatus used to study response variability consisted of a standard 
Foringer Marble Dispenser in a flat-black plywood frame encased in such 
manner as to conceal the marble hopper and to present to the 5 only the plas­
tic payoff dish. On the back wall of the plywood frame, concealed from the 
view of 5 by a black curtain, four devices (a  lever, a doorbell, a button, a chain, 
and a drawer knob, were fixed to individual, moveable, fiberboard panels. 
Pilot lights were installed on the back of each panel enabling one E  to record 
the device or devices manipulated by 5.
2. Subjects and. Procedure
Thirty-two preschool children, 17 males and 15 females, were randomly 
assigned to four groups, one control 5 and three experimental 5s, eight 5s to 
a group. Before exposure to the variability device, all the experimental 5s 
were given prior experiences on the straight runway apparatus. T he controls 
were introduced directly to the variability apparatus. Each experimental 
group received a total of 60 trials on the straight runway; of these 60 trials, the 
first 30 were- presented on a regular schedule but, while the R group continued . 
on this schedule for the remaining 30 trials, the FR-4 group continued on a 
schedule of one reinforecement for every fourth response and the VR-4 group 
received one reinforcement (on the average) for every fourth response.
- 5-
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T he 5 was seated in a small chair at the “start” end of the runway and was 
told to go to the “goal” end when the white light went on at the end of the 
runway. T he 5 was instructed to pull the lever and, if anything came out, to 
put it in the metal box at the side of the runway and to return to the chair. If 
nothing was received, he was to touch the tray, return to the chair, wait for the 
light, and “play the game again.” Reaction time and running time were re­
corded.
• One E  walked with 5 on the first three trials, thereafter stationing her­
self at the start end of the runway to record reaction times. A second E  was 
stationed behind the one-way screen, operated the reinforcement schedules of 
the marble dispenser, and recorded running times. Following the runway ex­
periences, the experimental 5s and the control 5s without runway experience 
were exposed to the variability apparatus for 60 reinforced trials on a regular 
schedule. On this apparatus, the 5s were told to put their hand under the cur­
tain and to see whether they could make the “box work” and, if they ob­
tained anything to put it in the metal box a t the other end of the room, to re­
turn, and to “work the box again.” All manipulative devices “paid off” one 
marble on operation. The. positions of the devices were scrambled by one E  
concealed behind the apparatus. T h a t E  also recorded the arrangement of the 
devices and the manipulations by 5 to obtain the marble reward. T he 5s 
w ere' given trials in blocks of five on each of the four arrangements of the 
devices. A t the termination of the stucly, each 5 was given his choice of a 
“take-home marble.”
C. R e s u l t s
Although no significant differences were found between the reaction times 
of the experimental and control groups (or between the experimental 5s) 
on the straight runway, the average running time for the FR-4 group was 
found to be significantly faster {p <  .05) than that of any of the other 
groups.
Figure 1 shows the responses made on the variability apparatus by the four 
groups of preschool children. Among the control-group 5s, it can be seen that 
four of the eight were device stereotyped and used one device (regardless of its 
position) to obtain the marble reward. Figure 1 shows also that one of the 
eight 5s in Group C was position stereotyped and, to obtain the marble 
reward, operated whichever of the four devices happened to occupy the pre­
ferred position. Three of the Group C children used more than one device and 
more than one position to obtain the marble reward. T he figure shows that one 
of these 5s used three devices and two positions and that two 5s used two de-
- 6-
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R esponse V a r ia b ilit y  o f  P reschool C h ildr en
vices and three positions to obtain the marble. I t  is to be noted however that, 
with these latter children, variations in the devices manipulated never oc­
curred within  any particular arrangement of devices.
Figure 1 shows that four of the eight <Ss in Group FR-4 were device stereo­
typed and manipulated the same device in all four positions. Tw o 5s in this 
group were position stereotyped and manipulated whichever device chanced to 
be in the preferred position. Figure 1 indicates that two of the FR-4 children 
operated more than one device in more than one position to obtain the marble 
reward, although again it is noted that device changes did not occur within any 
block of trials in any one arrangement of manipulanda.
Figure 1 indicates that all of the VR-4 5s used all four device positions to 
obtain the marble reward. I t  is evident that two of these 5s were device stereo­
- 7-
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typed. Six of the 5s in this group used more than one device and more than 
one position to obtain the marble reward. I t is particularly to be noted that 
changes in the manipulanda activated occurred within blocks of trials on 
particular arrangements of the devices.
Figure 1 shows that, among the '5s in Group R, five 5s were device stereo­
typed and that three 5s were position stereotyped.
D . D is c u s s io n
T he finding that the members of the FR-4 group of children have signi­
ficantly faster running times on the straight runway (as compared with chil­
dren in the other groups) indicates a greater motivating character of that type 
of reinforcement. Screven (2 ) , using a similar straight runway situation 
with first-grade children reported: . . running time with first-grade subjects
does not appear to distinguish between different incentive levels at low work 
loads but only at high work loads.” Although the present study—with subject, 
procedural, and apparatus differences—cannot be considered a replication of 
Screven’s work, it appears that a comparative study using preschool and 
first-grade S ’s on the straight runway might prove fruitful.
Certain differences in experimental design between the present investiga­
tion and that of M cCray and Harper (1) need to be considered before com­
parison of the results. T he latter authors used kindergarten children, whereas 
we selected preschool 5s (a t random) from the community. In the present 
study eight 5s, four to a group were used. McCray and Harper used four chil­
dren to a group, with four groups. In our work, the apparatus for precondition­
ing differed in design from the one used to measure response variability; where­
as in McCray and H arper’s study, the variability apparatus was a modification 
of the one used to precondition the experimental 5s and involved the delivery 
of cartoons rather than of marbles. In the M cCray-Harper work, all 
manipulanda on the variability apparatus occupied a set position and were 
not, as in the present study, “scrambled.” In  spite of these differences, com­
parisons of results yields considerable support to McCray and Harper’s finding 
that children experiencing variable-ratio reinforcement are subsequently more 
variable in their responses than either those 5s experiencing regular- or fixed- 
ratio schedules or than the nonpreconditioned control 5s. This statement is 
substantiated by the following comparative findings. All four control 5s 
in the M cCray-Harper study were device stereotyped throughout the entire 
reinforcement period. In our study 50 per cent of the C Group 5s were device 
stereotyped. However, because the manipulanda (on the variability apparatus)
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in our study were “scrambled” as to position, as was not the case in McCray 
and Harper’s work, the controls in our study seem to be more variable than 
those in M cCray and H arper’s work. Approximately 62 per cent of the 
C Group children in the present study did not manifest striking response 
variability, but approximately 37 per cent of them did show some degree 
of variability, since they used more than one device and more than one position 
to obtain the marble reward. However, the “scope” of this manifestation of 
variability was diminished by the fact that, when device changes did occur, 
they did so between rather than within arrangements of manipulanda. McCray 
and Harper reported that children in their Group R  were device stereotyped 
in that they all used one device throughout the reinforcement period. Like­
wise, we found that all of the Ss in this group were either position or device 
stereotyped.
Comparison of the response variability of children experiencing FR-4 rein­
forcement in the two studies indicates a substantial degree of support for the 
notion that this type of conditioning experience does not lead to considerable 
behavior variability subsequently. McCray and Harper found that three of four 
<Ss in this group manipulated the same device on all reinforcement trials and 
one S  manipulated two devices. Among our FR-4 Ss, 50 per cent were found to 
be device stereotyped and 25 per cent, position stereotyped.
In terms of number of device changes within any particular arrangement, 
number of positions used and number of different devices used on the varia­
bility apparatus, VR-4 children were the most variable. T his finding agrees 
with results in M cCray and H arper’s report.
E. S u m m a r y
T he effects of fixed-ratio, variable:ratio and regular reinforcement on res­
ponse variability of preschool children was studied.
I t  is found that, when tested subsequently, the children preconditioned on 
variable-ratio reinforcement show greatest response variability.
R e f e r e n c e s
1. M c Cray , C. L ., & H arper , R. S. Some relationships of schedules of reinforcement
to variability  of response. J. Comp. &  Physiol. Psychol., 1962, 66, 19-21.
2. Screven , C. G. Reported in sem inar on experimental methods a t annual meet- ■
ing of the American Psychological Association, 1958.
Department of Psychology 
Montana State University 
Missoula, Montana
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R E IN F O R C E M E N T  SC H ED U LES A N D  RESPO N SE 
V A R IA B IL IT Y  IN  F IR ST -G R A D E  C H IL D R E N * 1
Department of Psychology, M ontana State University
W i l l i a m  J . G r i f f i t h s ,  J r .  a n d  M a r j o r i e  T . G r i f f i t h s
A. I n t r o d u c t i o n
W e have previously reported concerning reinforcement schedules and re­
sponse variability in preschool children (1 ) . T he study was concerned with 
the effects of prior experiences of fixed-ratio, variable-ratio, and regular 
reinforcement on the subsequent response variability of preschool children. 
In general, it was found that preschool children preconditioned on a variable- 
reinforcement schedule were subsequently the most variable in their responses.
W ith  the exception of the use of first-grade children in place of preschool 
Ss, the present study was concerned witH the same general area of research.
B. M e t h o d s
1. Apparatus
T he apparatus for preconditioning the Ss has been described in detail else­
where (1 ) . Essentially it consisted of a .“slot machine” placed at the end of 
a straight runway 15 feet long and 4 feet wide. T he machine was modified 
to deliver a marble on predetermined schedules. A small chair was placed . 
at the “start” end in front of an enclosed chamber housing a pulley-weight 
system. A  leather child harness was attached to the pulley-weight system by 
means of a light strong wire which passed through a small hole in the cham­
ber and snapped into a metal ring at the back of the harness. Concealed 
photoelectric cells at the “start” and “goal”, ends of the runway stopped 
electric timers when S  broke the beams. T he apparatus used to quantify 
response variability has also been described in detail elsewhere (1 ). I t  con­
sisted of a standard Foringer Marble Dispenser encased in a plywood frame 
in such manner as to conceal the marble hopper and to present to 5 only the 
plastic “payoff” dish. On the back wall of the plywood frame, concealed 
from the view of S  by a black curtain, were four devices, a lever, doorbell 
button, chain, and drawer knob. These manipulanda were fixed to individual
* Received in the E ditorial Office on November 8, 1963. Copyright, 1965, by T he 
Journal Press.
1 Supported by G ran t 687-R from the G raduate  School, M ontana State University.
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moveable fiberboard panels. Pilot lights on the back of each panel enabled E  
to record the device manipulated by S.
2. Subjects
Twenty first-grade children, 10 males and 10 females, were selected at 
random from the community and divided into 4 groups of 5 Ss each, 3 experi- 
mentals and 1 control.
3. Procedure
T he same procedure was followed as described in the previous study with 
preschool Ss. A ll the experimental Ss were experienced on the straight run-, 
way prior to exposure to the variability apparatus. One experimental group 
was placed on a fixed-ratio (F R ), one on a variable-ratio (V R ), and one 
on a regular-reinforcement (R ) schedule. T he control Ss were exposed di­
rectly to the variability apparatus. Each child in the experimental groups 
received a total of 60 trials on the' straight runway. O f the 60 trials, the 
first 30 were presented on a regular schedule and, while the (R ) group 
continued on this schedule for the remaining 30 trials, the (FR -4) group con­
tinued on a schedule of one reinforcement for every fourth response, and the 
(VR-4) group continued on a schedule of one reinforcement, on the average, 
for every fourth response. T he S was seated in the chair a t the “start” end 
of the runway and was told to go to the “goal” end of the runway when 
the white pilot light went on at the end of the runway. T he pulley-weight 
system was fitted with a one-pound weight and snapped to the leather 
harness. T he S  was instructed to pull the lever on the “slot machine” and 
if anything came out to put it in the metal box at the side of the runway, to 
return to the chair, watch for the light, and “play the game again.” If noth­
ing was received he was to touch the “payoff” tray, return to the chair, wait 
for the light, and “play the game again.” Reaction time and running time 
were recorded. Following runway experience, the experimental group and 
the control group without this experience were exposed to the variability 
apparatus for 60 reinforced trials on a regular schedule. On this apparatus 
the 5s were told to put their hand under the curtain and see whether they 
could "make the box work.” If  they obtained anything, they were to put it 
in the metal box at the opposite end of the room, return, and “work the box 
again.” All manipulative devices were set to “payoff” a marble. T he positions 
of the devices were “scrambled” by one E  concealed behind the apparatus, 
while S  was placing the marble in the metal box at the opposite end of the
- 11-
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room. T h at E  also recorded the device (or devices) used by 5 to obtain the 
marble. T h e  children were given trials in blocks of five on each of four 
possible arrangements of the manipulanda.
A t the termination of the study, each S .was given a choice of a “take-home 
marble.”
C. R e s u l t s
No significant differences were found between experimental and control 5s 
in reaction times or running times on the straight runway.
Figure 1 shows the responses made on the variability apparatus by the 
four groups of first graders. Among the controls, it can be seen that two of 
the 5s (40 per cent) were device stereotyped and used one device, conse- 
> quently all four positions occupied by the device, to obtain the marble reward.
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One 5  (20 per cent) was position stereotyped and used whichever device 
happened to occupy the! preferred position to obtain the marble reward. Two 
children (40 per cent) used more than one device and more than one position 
to obtain reinforcement. I t  was noted that device changes, although occur­
ring between arrangements of manipulanda, never occurred within blocks of 
trials on any particular arrangement of the devices.
Figure 1 shows that 60 per cent of the FR-4 group used more than one 
device and more than one position to obtain the marble, and that manipu- 
lander changes did occur within as well as between blocks of trials on par­
ticular arrangements. In the case of 40 per cent of these 5s, device changes 
occurred, on the average, 30 per cent of the time during blocks of five trials 
on the four arrangements of the manipulanda. In the case of one child (20 
per cent), device changes occured, on the average, 55' per cent of the time 
during the five trials on the four arrangements of the devices. As Figure I 
shows, one child (20 per cent) in the FR-4 group used two positions and three 
devices to obtain the marble reward, but none of the device changes occured 
within particular arrangements of the manipulanda, but only between arrange­
ments. I t  is evident that 20 per cent of the 5s in this group were device 
stereotyped and used the same device to obtain the marble irrespective of its 
position in the arrangements of manipulanda.
Among Group-R children, Figure 1 shows that four (80 per cent) were 
device stereotyped and one (20 per cent) was position stereotyped.
Figure 1 shows that, among the VR-4 group of children, four (80 per 
cent) not only used more than one device and more than one position of 
devices to obtain the marble, but switched manipulanda within blocks of trials 
on different device arrangements. Two children (40 per cent) in this group 
changed devices on the average 87 per cent of the time during blocks of five 
trials on the four device arrangements. Tw o (40 per cent) of these 5s changed 
devices on the average of 12 per cent of the time during blocks of five trials 
on the four arrangements of manipulanda. As Figure 1 shows, one of the 
children in this group (20 per cent), although using two devices and three 
positions to obtain the marble, never changed manipulanda within particular 
arrangements of devices.
D . D is c u s s io n
Screven (3 ) , using a straight runway situation, similar to. the one used in 
the present study, reported that “ running time with first grade subjects does 
not appear to distinguish between different incentive levels at low work
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loads, but only at high work loads.” Using one-pound loads we reported (1) 
that this statement was apparently not valid for preschool children since sig­
nificantly faster running times were found for 5s experiencing FR-4 rein­
forcement than for those on VR-4, R, or control schedules. In the present 
study, with first-grade children, Screven’s statement is confirmed.
M cCray and Harper (2) found that kindergarten children preconditioned 
under a VR-4-reinforcement schedule subsequently showed greater response 
variability than controls or children preconditioned under FR-4 or R sched­
ules. In general, with some exceptions, we found this to be true when the 5s 
were preschool children (1 ). I t  is of interest to compare the results of the 
present study, which involved first graders, with those of McCray and Harper 
(2) utilizing kindergarten children and with those of Benson et al. (1) in­
volving preschool children. The former authors reported that all their controls 
were device stereotyped on the variability apparatus; the latter investigators 
found that 50 per cent of their preschool control 5s were device stereotyped. 
In the present study 40 per cent of the, control first graders were device 
stereotyped on the variability apparatus. I t  has been reported (1) that 37 per 
cent of preschool-children controls did manifest some variability, since they 
used more than one device and more than one position to obtain the marble 
reward. However, the “scope” of this expression of variability was reduced 
by the fact that device changes never occurred within but always between 
particular arrangements of the manipulanda. In the present study, 60 per 
cent of the control 5s used more than one device and more than one position 
to obtain the marble reward and even though (as in the case of the preschool 
5s), this manifestation of variability was limited to device changes between 
rather than within arrangements of the manipulanda, it may be an indication 
of a trend toward increased variability as a function of age or school 
experiences. '
In the present study, first graders preconditioned on a regular-reinforce- 
ment schedule were all either device or position stereotyped on the variability 
apparatus. The same characteristic was reported for kindergarten 5s pre­
conditioned on regular-reinforcement schedules (2) and for preschool chil­
dren (1 ).
I t  has been reported that kindergarten, and preschool children (1, 2) pre­
conditioned under FR-4 schedules failed to manifest marked response varia­
bility subsequently. However, results of the present study show that 60 per 
cent of the children preconditioned on FR-4 schedule subsequently exhibit 
considerable response variability, since they not only used different devices and
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different positions to obtain the marble reinforcement, but changed devices a 
high percentage of the time within the blocks of five trials on particular ar­
rangements of the manipulanda. Comparatively, this appears to be a signifi­
cant finding warranting extension of the study to children beyond the first- 
grade level. \
M cCray & Harper (2 ) and B enson\(l) found that, with kindergarten and 
preschool children respectively, those preconditioned on a VR-4 schedule were 
subsequently more variable in their responses than any of the groups in the 
present study. T he results of the present study, particularly in terms of the 
number of device changes within blocks of five trials on the four arrangements 
of manipulanda, agree well with the above findings.
E . S u m m a r y
Tw enty first-grade children were divided into four, groups of five 5s each 
for the purpose of studying effects on subsequent response variability of the 
prior experiences of fixed-ratio, variable-ratio, and regular-reinforcement 
schedules.
Similarities and differences between responses of first graders, used in the 
study, and kindergarten and preschool children, used in previous similarly 
designed studies, are discussed.
R e f e r e n c e s
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TACTILE PREFERENCES IN  THE RAT1
W . J. GRIFFITHS, JR., D ON  LAWRENCE, AND EMERY BENSON2 
University of Montana
Summary.— 9 young and 9 older thirsty rats bar-pressed under CRF more 
for a rough-surfaced lever than for one with a smooth surface. The effect was 
most marked for younger Ss. A position by surface interaction was interpreted 
as reflecting an apparatus-evoked emotional response.
A number of researches (4, 5, 7) have established the tactual discrimina- 
,tion capacity of the rat. Forgays and Levin’s results (1, 2) suggest that the op­
timal level of stimulation differs for immature and mature rats; younger ani­
mals preferred a dim light while older animals preferred the bright. Griffiths, 
Hergenhahn, and Lean ( 3) described a dual-operant apparatus for self-regulation 
of stimulation in the laboratory rat. Using this device, the present study assessed 
tactile preferences as a function of age.
Method.— Merkle-Korff drinkometers," with the bar on the right of the drinking 
cup, were used to condition bar-pressing. The LVE (Lehigh Valley Electroncis) 1316 
Rodent Test Chamber, which has an insulated, soundproof, metal outer chamber with a 
one-way vision glass, filtered air intake, air exhaust fan, house light, audio amplifier, and 
inner dual-lever water-dipping apparatus, was used for the preference trials (cf. 3 ) . The 
drinking cup rose centrally between the levers. Pressure on the levers activated micro­
switches, closed stepping relay systems, and operated two inkless pens on the polygraph 
recorder, as well as the water-dipping apparatus. Garnet surfaced production papers 
[2-36 TN 4 (rough) and 80-1/0 OS 24 (sm ooth), produced by Minnesota M ining and 
Manufacturing Company] were formed into envelopes, 2 in. wide and 1 in. deep.
Eighteen male hooded laboratory rats, 9 immature ( 30-days-old) and 9 mature (60- 
days-old), were subjected to continuous reinforcement for barpressing on alternate days 
under 24-hr. water deprivation on the Merkle-Korff drinkometers to a criterion of 45 re­
sponses per 5-min. period. Ss were then exposed to 20 10-min. trials under continuous 
reinforcement in the LVE apparatus on alternate days. The positions of the rough and 
smooth sandpaper envelopes were counterbalanced between the right and left levers.
Results?—The Wilcoxon matched-pairs signed-ranks test (6 ) indicated 
that both immature and mature Ss preferred the rough-surfaced lever (N  =  18, 
T =  16, 2P <  .01). The same test applied within age groups indicated a sig­
nificant preference for rough sandpaper by the immature 5s (N  =  9, T =  1, 
2P <  .01) but not for the mature 5s (N  =  9, T  =  10, 2P >  .05).
Since 5s were previously conditioned on a lever to the right of the water-
'Supported by Grant M H 06879-01A1 from the National Institute of Mental Health to W . 
J. Griffiths, Jr. (deceased October 26, 1963) and the University of Montana. Dr. H. C. 
Salzberg’s generous advice and critical reading of the manuscript are appreciated. 
“Now at Veterans Administration Hospital, Augusta, Georgia.
’A transcript of raw data and analysis tables have been filed with the ADI Auxiliary Pub­
lications Project, Photoduplication Service, Library of Congress, Washington, D.C. 20540. 
Remit $7.50 for photocopies or $2.75 for 35-mm. microfilm of Document No. 9247; 
(Document is poor reproduction material.)
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cup, the T  tests were also used to assess right and left preferences. A preference 
for the left lever obtained for both age groups (N  =  18, T  =  17, 2P <  .01) 
jointly, and separately for the immature Ss (N  =  9, T  =  6, 2P =  .05) and 
the mature Ss (N  =  9, T  =  2, 2P ■=. .01).
The Mann-Whitney U test was used for assessing differences between im­
mature and mature Ss in per cent responses to rough paper ( U =  22.5, 2P >  
.05). No significant age difference was found for per cent left responses (U  
=  36, 2P >  .05).
A Spearman rho of —.62 (N  =  18, P <  .01) was obtained for per cent left 
and per cent rough responses, which value may reflect the combination of the 
design of the LVE apparatus and emotional factors. The apparatus has a one­
way mirror on the front side near the right lever. Self-reflections of responders 
to smooth paper appeared to provoke fear; these-S's showed subsequent left- 
smooth preferences. However, the rough-responders appeared more capable 
of inhibiting such fear reactions and subsequently manipulated the right lever 
more frequently. Although these findings do not support Forgays and Levin’s 
results (1, 2 ), i.e., optimal level of stimulation is related to age, both immature 
and mature rats showed preference for rough surfaces.
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EFFECTS OF REINFORCEMENT SCHEDULES ON PREFERENCES 
AND VARIABILITY OF RESPONSES IN  LABORATORY RATS1
EMERY E. BENSON AND WILLIAM J. GRIFFITHS, JR.2
University of Montana
Summary.— Regardless of reinforcement schedule (CRF, FR-4, VR-4) dur­
ing training on a single manipulandum, transfer to a multiple-manipulandum 
situation under CRF showed no schedules effect. Of the transfer devices, the 
chain was preferred by most Ss. Individual differences were marked and prob­
ably account for the discrepancy between these results and those w ith children.
Herrnstein (3 ) found pigeons, previously trained under continuous reinforcement 
(CRF) to peck at a horizontally oriented rubber strip, subsequently increased the ten­
dency to peck at one or the other end of the rubber strip when transferred to an inter­
mittent schedule of reinforcement (VI-3 or variable interval of 3 m in .). Studies of 
children using intermittent schedules of reinforcement (1, 2, 4) suggest that training 
under variable-ratio (V R ) and fixed-ratio (FR ) reinforcement schedules in a single- 
manipulandum situation led to increased variability when Ss were transferred to a multi- 
manipulandum situation. Since the argument of species differences may cloud the theo­
retical implications, the present study was a'replication with rats as Ss.
Method.— Standard Scientific Prototype Rat Test Cages, containing single levers at­
tached to Anger pellet dispensers and event counters, were used to train Ss on the rein­
forcement schedules. For the transfer phase a Gerbrands rat box was modified by re­
placing the metal side plate with five movable fiberboard panels; each one contained a 
metal food cup, a chain lever, a push-plunger, a spoked wheel, or a pump-handle lever. 
Movement of each device operated a microswitch and was connected via relays to an 
Anger food dispenser and an Esterline-Angus event recorder.
Eight male albino Norway rats from the Farris Institute and eight male hooded rats 
from the Animal Supply Co. (N apa, Calif.), 60 days of age, were assigned randomly to 
three experimental groups and one control. The experimental groups were given massed 
practice on the single-lever apparatus under one of three reinforcement- schedules: con­
tinuous (C R F ), fixed-ratio-4 (FR -4), and variable-ratio-4 (V R -4). 5s were 24-hr. food 
deprived and made 2,000 presses; the first 500 were under continuous reinforcement 
and the remaining 1,500 presses were given under their respective reinforcement sched­
ule. Controls received no training or experience in the single-lever apparatus.
Forty-eight hours after training was completed Ss were transferred to the apparatus 
containing lour novel manipulanda. Each S was 24-hr. food deprived and was given two 
blocks of five 12-min. trials, separated by 5-min. intervals. All Ss received a food pellet 
for manipulating any of the four devices, regardless of their previous training under dif­
ferent schedules. The food-cup panel was moved successively to each of the five positions. 
The devices were randomly assigned the remaining four positions for the first 5-triai block. 
These arrangements were replicated for the second 5-trial block.
Results.— The frequencies of responses were very similar for the albino Norway
Supported in part by Grant M-4724 (C-I) from the National Institute of Mental Health 
and, in part, by G rant 687-R from the Graduate School, University of Montana. Trans­
cripts of raw data have been filed with the ADI Auxiliary Publications Project, Photodu­
plication Service, Library of Congress, Washington, D. C. 20540. Remit $27.50 for photo­
copies or $7.75 for 35-mm. microfilm of Document 9248. (Reproduction copy is poor.) 
“EEB at VA Hospital, Augusta, Ga; W JG  deceased, October 26, 1963. W e are indebted 
to H. C. Salzberg, VA Hospital, Augusta, Ga for help with statistical analyses.
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TABLE I
R e s p o n s e  ( M,  %)  t o  E a c h  D e v ic e  a n d  T r e a t m e n t
Device Experimental Treatment
CRF FR-4 VR-4 Controls
M % M % M % M  , %
Chain 35.2 74.7 21.0 51.0 7.4 26.0 12.0 82.8
Plunger 6.2 13.1 13.1 31.8 10.6 37.1 0.4 2.6
Wheel 0.8 1.9 3.8 9.1 7.5 26.1 2.0 13.4
Pump-handle 4.9 10.3 3.3 8.1 3.1 10.8 0.2 1.2
and hooded rats. A Mann-Whitney U test showed no differences between albino and 
hooded 5s in the number of changes from one device to another within trials ( U =  
28.5; t =  .368, p  >  .05).
The chain device was preferred by all groups except those trained under VR-4; 
these 5s responded more uniformly to all devices. The means and percentages of re­
sponses by devices and training schedules are presented in Table 1. The CRF trained 5s 
and controls showed some device stereotypy; the FR-4 5s tended to use two devices for 
the greater portion of their responses. However, when a two-factor analysis of variance 
with repeated measures on one factor (5 ) was performed on frequencies of choices of 
devices, the effect of schedules upon preferences was nonsignificant (F =  2.77, d f  =  
3 /12 , p >  .05). 5s did prefer particular devices (F  =  11.17, d f =  3 /36, p  <  .05). 
The Newman-Keuls procedure (6 ) showed the chain device was the most preferred (p  
<  .01) and the push-plunger was preferred over both wheel and pump-handle (p  <  
.01). Total frequencies on the first and second 5-trial blocks were not significantly dif­
ferent (T  =  29.5, N  =  15, p  >  .05).
The Kruskal-Wallis analysis of variance was selected for testing the effects of rein­
forcement schedules upon response variability. Absolute response variability was con­
sidered as the number of changes each 5 made from one device to another within trials. 
Relative response variability was calculated by dividing this number by response frequency. 
Both absolute and relative numbers of changes were not significantly different for-the 
various reinforcement schedules (x « 2 — 4.49, df =  3, p  >  .05; x»2 =  3-97, d f — 3, 
p >  .05). A Wilcoxon T  test performed on changes within the first and second 5-trial 
blocks was not significant (T  == 67, N  =  15, p  >  .05).
The present study failed to support the earlier findings with children (1, 2, 4 ) ,  
possibly because Ns were small (N  =  4 ) and individual differences large. A replication 
using larger samples will be attempted. Present findings did indicate significant prefer­
ences for specific manipulative devices regardless of previous schedules of reinforcement.
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AUDIOGENIC SEIZURES, ACTIVITY, AND RESPONSE 
VARIABILITY IN  RATS1
WILLIAM J. GRIFFITHS, JR. AND EMERY E. BENSON23 
University of Montana
Summary.— 62 rats, operationally divided into those who were seizure- 
prone and nonseizure-prone, gave similar activity measures over the shorter de­
lays of test but seizure Ss in the longer delay groups moved less than nonseizure 
Ss before and after bell-can treatment. This finding was interpreted as evidence 
for an interaction between seizure-prone condition with longer periods of fasting. 
W hen Ss were tested in a 4-manipulandum test situation, reinforcement schedules 
(CRF, FR-4, VR-4, and controls) were differentially effective. Preferences for 
specific devices developed. Response variability did not differentiate seizure and 
nonseizure 5s but was significantly influenced by schedules of reinforcement.
Griffiths (1953) suggested the hypothesis that incidence of susceptibility 
to seizure was dependent to a degree on the amount of manipulative behavior 
in the form of biting, scratching, and pulling at electrodes and leads permitted 
by the manner in which the stimulus chamber was constructed. Consequently, 
the following experiments were designed for assessing characteristics of activity 
and manipulatory behavior among susceptible and non-susceptible animals. 
Furthermore, the present study afforded an opportunity to replicate with a 
larger N  a previous study (Benson & Griffiths, 1967) concerned with response 
preferences and variability following training under various schedules of rein­
forcement.
Finger and Schlosberg (1941) reported a significant decrease in activity 
following sound-induced seizures. Several authors have related manipulatory 
behavior to incidence of seizure (Goodson & Marx, 1953; Griffiths, 1942, 1953, 
1961; Marcuse & Moore, 1943; Griffiths & Stringer, 1952; Marx & Van Span- 
keren, 1952). For a review see Bevan (1955). ^
In Exp. 1, susceptibility to audiogenic seizure was compared with activity 
following bell-can stimulation. In Exp. 2, susceptibility to seizure was com­
pared to response preference and variability. Furthermore, activity of suscepti­
ble and nonsusceptible Ss was compared over various time delays and depriva­
tion following bell-can stimulations.
M e t h o d
General Arrangements
In Exp. 1 there were two phases: (a) the assessment of susceptibility to
’Supported in  part by G rant M-4724 (C-I) from the National Institute of Mental Health 
and, in part, by Grant 687-R from the Graduate School University of Montana to W. J. 
Griffiths, Jr. (deceased October 26, 1963). The experiments were conducted according to 
the APA statement of "Guiding principles for the humane care and use of animals,” De­
cember 15, 1962.
2Now at Veterans Administration Hospital, Augusta, Georgia.
“The authors are indebted to Mr. Bill Bick and Mr. M att Shearer for their help in collect­
ing the data, and to D r. H . C. Salzberg for his help with statistical analysis and editorial 
advice.
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audio-seizure and activity base levels and (b) activity measures after bell-can 
stimulations over the various time-delay intervals. In Exp. 2 there also were 
two phases: (a) bar-pressing experiences under one of three schedules of rein­
forcement and (b ) subsequent exposure to an operant variability apparatus. 
Half of the Ss participated in Exp. 1 prior to Exp. 2, and half performed in the 
reverse order.
Subjects
Sixty-two male albino rats started the study; two rats died before completing 
both experiments. Ss were received from the Farris Institute at 90 days of age 
and were 90 to 120 days of age at the beginning of the first study.
Experiment 1: Audiogenic Seizures and Activity
Apparatus.—The apparatus included a 25-gal. galvanized garbage can, plexi- 
glas cover, a 6-v powered 6-in. Powermaster bell, and a Lehigh Valley Electronics 
Activity Maze (LVE).
Procedure.—Each S was given five trials of bell-can stimulation for 2-min. 
durations on alternate days. Seizure-susceptible and nonsusceptible Ss were 
matched to form six time-delay groups: 1-min., 5-min., 1-hr., 5-hr., 15-hr., and 
2 5-hr. After 1 week of "rest” each group was food deprived according to their 
respective time-delays before being tested in the LVE maze. Each S was given 
five 6-min. activity trials on alternate days. The. final test was an additional ac­
tivity trial under one of the six time-delay periods following bell-can stimula­
tion. Two measures of activity were taken. .The tilting of the LVE maze floor 
allowed a count of changes in the rats’ position among the quadrants of the 
maze. Disruptions of infrared photocells allowed a much more sensitive count 
of movements.
Exp. 2: Schedules of Reinforcement and Response Variability
Apparatus.— For administering operant experience under the schedules of 
reinforcement Standard Scientific Prototype Rat Test Cages, equipped with sin­
gle right-hand levers, Anger pellet dispensers, and event counters were used. 
Plastic electrical tape covered pellet holes of the dispensers as needed for the re­
inforcement schedules.
The apparatus used to measure response variability was described previous­
ly (Benson & Griffiths, 1967). Basically, it consisted of a modified Standard 
Scientific Rat Test Cage with four operant devices and a food cup, all of which 
were movable. Each device, a chain lever, a push-plunger, a spoked wheel, and 
a pump-handle, operated a microswitch. An Esterline Angus Recorder gave 
event measures and an Anger pellet dispenser provided food reinforcement upon 
each manipulation of a device.
Procedure.— Ss were randomly assigned to one of three experimental 
groups: continuous reinforcement (CRF), fixed ratio-4 (FR-4), variable-ratio-4 
(VR-4) and one control (C ). The C group did not receive operant training 
prior to being exposed to the variability measurement situation.
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Ss were 24-hr. food deprived upon entering operant mazes. The CRF Ss 
. received a pellet of food for each of 2,000 bar presses. The FR-4 and VR-4 Ss 
received a pellet of food for each of the first 500 bar presses and were then 
transferred to their respective schedules for the remaining 1,500 responses.
After 48 hr. Ss were transferred to the variability apparatus; both experi­
mental and control Ss received one food pellet for each manipulation of any one 
of the four devices. The food cup occupied each of the five positions successive­
ly, whereas the devices were randomly placed about the food cup for each of the 
first five trials. These arrangements were reported for the second block of five 
trials given 48 hr. later. All Ss were 24-hr. food deprived at the beginning of 
each block of five trials. A trial consisted of a 12-min. period with 5-min. in­
tervals between trials.
Two measures were taken. Frequencies were calculated for each device. 
Response variability was computed by dividing the total number of changes 
from one device to another by the total number of responses.
R e s u l t s
A x z test of audio-seizure susceptibility for Ss in the two orders of partici­
pation was insignificant (x2 — -30, d f — 1).
Exp. 1: Audiogenic Seizures and Activity
Twenty-two of 61 Ss completing the audio-seizure phase had at least one 
seizure.
The two activity measures, tilt -of the maze floor and photo-cell breaks,
5 0 0
1 5 - 2 5  HR. GROUPS
NONSEI ZURE R A T S
S E I Z U R E  R A T S
1-5 MIN.  GROUPS 1-5 HR.  GROUPS3 0 0
UJ 2 0 0
100
PRE- POST- PRE- POST- PRE- POST-
BELL-CAN STIMULATIONS
Fig. 1. Mean numbers of movements are compared in seizure and nonseizure S's 
for three periods of pre- and post-bell-can treatments
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yielded a significant Pearson product-moment r of .853 (P  <  .01) ; therefore, 
numbers of movements were analyzed further.
The general results of Exp. 1 are shown in Fig. 1. The six delay groups 
were combined into three: 1-5 min., 1-5 hr., and 15-25 hr. A comparison of 
means showed only slight differences, and seizure groups contained relatively 
small Ns. Mann-Whitney U tests did not yield significant values for seizure 
and nonseizure Ss in the 1-5-min. and the 1-5-hr. groups on the number of 
movements. Inspection of Fig. 1 indicates a difference in activity between seiz­
ure and nonseizure S's in the 15-25-hr. groups for both pre- and post-bell-can 
treatments. Tests for susceptible and nonsusceptible groups yielded significant 
values of U for pretreatment (U  =  1, p <  .05) and posttreatment (U  — 
14.5, p <  .05; Siegel, 1956).
Exp. 2: Operant Schedules and Response Variability
The means and percentages of responses for each group are presented in 
Table 1. A U test showed no significant differences between seizure and non-
TABLE 1
M e a n  N u m bers  a n d  Per c e n t a g es  o f  R e s po n ses  o n  Ea c h  D evicb  a s  a  
F u n c t io n  o f  R e in f o r c e m e n t  Sc h ed u lb
Device VR-4 FR-4 CRF Control
M % M % M % M %
Chain 195.64 46.68 211.72 41.95 257.27 53.93 157.40 68.88
Plunger 56.21 13.41 77.07 15.27 62.41 13.08 34.10 14.92
Wheel 113.50 27.08 163.22 32.34 98.32 20.61 17.90 7.83
Pump-handle 53.71 12.82 52.64 10.43 59.10 12.39 19.10 8.36
seizure Ss on total number of responses. A trend analysis showed that reinforce­
ment schedules produced significant differences in frequencies of responses (F 
=  4.38, df =  3/224, P <  .01). The major effect was between the control 
group (1.9 responses per minute) and the other three experimental groups (FR- 
4, 4.2 responses per minute; CRF, 4.0 responses per minute; VR-4, 3.5 re­
sponses per minute). The effect of devices was also significant (F  =  36.22, df 
=  3/224, P <  .01), with preferences being for the chain, push-plunger, wheel, 
and pump-handle in that order. The chain device was preferred by all schedule 
groups but not by all individuals. This supports a previous finding (Benson 
& Griffiths, 1967). The effect of trials was significant (F  =  7.35, df =  
9/2016, P <  .01) as was the interaction between devices and trials (F  =  11.10, 
df =  81/2016, P <  .01).
N o significant differences appeared between seizure and nonseizure Ss on 
relative number of changes among devices (U  =  347, z  =  1.23, P >  .05). The 
VR-4 group changed from one device to another 21.596 of the time, the C 
group 16.6%, the CRF group changed 14.1%, and the FR-4 group 13.5%.
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The Kruskal-Wallis one-way analysis of variance showed these differences were 
significant (x//2 =  8.06, df =  3, P <  .05). The control group showed more 
marked individual differences than other groups; omission of this group from 
the analysis resulted in sharper definition among the others (Xh2 =  11.99, df 
=  2,P  <  ,01).4
D is c u s s io n
A previous finding of Finger and Schlosberg (1941) was not supported by 
data of Exp. 1, since the 1-5 min. Ss reduction in activity after bell-can stimula­
tions failed to reach the .05 level of confidence. However, the smallness of the 
group may have been the primary factor in this.
A more important finding was that seizure Ss were less active than non­
seizure 5s in the 15- and 25-hr. groups on both pre- and post-bell-can meas­
ures. Apparently, less activity is behaviorally characteristic of seizure animals 
under these levels of food deprivation. This finding compares nicely with pre­
vious findings with wild and domestic rats. Griffiths (1947, 1948, 1949, 1953, 
1962) has often demonstrated the developmental and nutritional disadvantages 
of domestic rats and their subsequerit effects on incidence of seizure. The fact 
that wild rats do not manifest seizures and domestic rats do has led to many in­
teresting comparisons. Richter and Rice (1954) showed that .spontaneous run­
ning activity during fasting increased for wild rats by 142% but only 32% for 
domestic rats. In this study, seizure 5s under 15- to 25-hr. food deprivation were 
about 50% more active, whereas, the nonseizure rats were about 100% more ac­
tive than 5s under 1 to 5 hr. of deprivation.
In Exp. 2, no differences were found among seizure and nonseizure groups 
with regard to preferences and response variability. The chain was observed to 
be the preferred device for all groups, as in a previous study (Benson & Grif­
fiths, 1967). However, the wheel replaced the push-plunger as the second most 
preferred device. Relative response variability, as measured by total number 
changes among devices divided by total frequencies, was significantly different 
among groups under the various schedules of reinforcement. In this study the 
VR-4 5s showed relatively more variability with small differences among the 
FR-4, CRF, and C groups. In the previous study (Benson & Griffiths, 1967) 
significant differences were not found, probably because group sizes were small 
(N  =  4) and individual differences large.
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